Microalbuminuria, for which hypertension and diabetes are well-known risk factors, has recently been used to detect individuals at risk for cardiovascular and chronic kidney diseases in the general population. We aimed to determine the thresholds of blood pressure or blood glucose concentration at which the odds ratio of having microalbuminuria begins to increase. An annual public health checkup was conducted on 3166 participants aged 29-84 years (mean, 61 ± 11 years; 40% men) living in Watari town, Japan. We studied their demographic data, medical history of hypertension, diabetes, dyslipidemia, sitting blood pressure and fasting blood samples. Urinary albumin excretion was examined in terms of the albumin/creatinine ratio in spot urine samples. Microalbuminuria was defined as 30-299 mg albumin per gram creatinine. Final analyses included 2133 participants under no anti-hypertensive or anti-diabetic medication. Microalbuminuria was detected in 118 subjects (5.5%). We used the adjusted odds ratios for microalbuminuria in different blood pressure and blood glucose groupings as the reference. The adjusted odds ratio increased linearly with increase in systolic blood pressure. A similar trend, although not as linear, was observed with diastolic blood pressure. The odds ratio increased significantly with high-normal levels of both systolic and diastolic blood pressure. For blood glucose, the adjusted odds ratio increased significantly from the impaired fasting glucose level. Therefore, the odds ratio for microalbuminuria begins to increase from high-normal blood pressure and impaired fasting glucose levels in comparison with the reference. Early intervention in such cases may be useful for reducing cardiovascular and renal risks.
INTRODUCTION
A new health checkup system was introduced in Japan in 2008. This system aims to prevent lifestyle-related diseases such as diabetes through the early detection and intervention of metabolic syndrome. 1 Although this preventive strategy should be beneficial, long-term observation with hard endpoints is necessary to demonstrate its effects. Meanwhile, the combined use of surrogate endpoints could make it possible to identify high-risk patients and to assess the effectiveness of lifestyle guidance in the short term.
Microalbuminuria is considered a marker of glomerular as well as systemic vascular endothelial injuries. 2, 3 It has been shown that microalbuminuria is associated with higher risks of cardiovascular and end-stage renal disease in not only patients of several diseases [4] [5] [6] [7] but also in the general population. 8, 9 The apparent modifiable risks of microalbuminuria are diabetes and hypertension. However, there are extremely few reports from large-scale studies that examine blood pressure and blood glucose levels at which the risk of microalbuminuria begins to increase. [10] [11] [12] [13] Moreover, no such study has been conducted in Asia. If the purpose of the new health checkup system is to prevent cardiovascular or renal disease, interventions should preferably be made as soon as possible and at an early and appropriate stage. Therefore, this cross-sectional study aims to identify the thresholds of blood pressure and blood glucose at which the odds ratio of the presence of microalbuminuria begins to rise.
METHODS
This study was conducted in Watari town, which is located B26 km south of Sendai city where Tohoku Rosai Hospital and Tohoku University are located. In 2008, the registered population in Watari town was 35 132, and all inhabitants were Japanese. The eastern side of the town faces the Pacific Ocean. Because of the warm climate, the fruit tree cultivation and fishing industries flourish; their related manufacturing, retail and sales are the main industries.
As a general rule, the health checkup participants were residents who received healthcare benefits from the town. The participants comprised both men and women who worked in or whose family members were engaged in typically self-employed occupations, such as agriculture, fisheries, forestry and retail trade, including retirees. The number of candidates in 2008 was 6675.
The survey items in the questionnaire concerned medical history, drug treatment history, smoking habits, diet and exercise habits. The anthropometric measurements consisted of height, weight, body mass index and abdominal circumference. Blood pressure was measured in a sitting position after 5-min of rest by using an automated sphygmomanometer (BX-10; Omron Colin, Kyoto, Japan).
Morning blood after at least 10-h fasting was collected to examine liver function (that is, aspartate aminotransferase, alanine transaminase and gammaglutamyl transpeptidase), lipids (that is, triglycerides, high-density lipoprotein and low-density lipoprotein), glucose metabolism (that is, fasting blood sugar and hemoglobin A1c), and serum uric acid and creatinine concentrations. Hemoglobin A1c level was measured using HPLC (HLC723G7; Tohso, Yamaguchi, Japan). Fasting blood sugar levels were determined using a Hitachi 7700P apparatus (Hitachi, Tokyo, Japan). The remaining biochemical markers were determined using a standard automatic analyzer (7700DD; Hitachi). The estimated glomerular filtration ratio was calculated on the basis of the following formula provided by the Japanese Society of Nephrology: glomerular filtration ratio¼194ÂCr À1.094 Âage À0.287 ml min À1 per 1.73 m 2 )Â0.739 (women). 14 We diagnosed metabolic syndrome based on the Japanese criteria. 15 In addition to the general urine dipstick test, urinary albumin concentration was measured by the turbidimetric method (Au600; Olympus, Tokyo, Japan) using the morning spot urine sample. Urinary creatinine concentration was simultaneously measured by the enzymatic method. The urinary albumin excretion rate was calculated after adjusting the creatinine concentration.
To determine the occurrence of microalbuminuria, we first used the traditional cutoff values of X30 and o300 mg g À1 Cr. 16 However, the lower cutoff value remains debatable, because a urinary albumin excretion of o30 mg g À1 Cr is also linearly associated with a risk of cardiovascular events. 9,17 Therefore, we also focused on high-normal albuminuria from 15 to 30 mg g À1 Cr.
This study was approved by the Ethics committee of Tohoku Rosai Hospital. The purpose of this study was fully explained to all participants, and written consent was obtained from them.
Statistical analysis
Of the 6675 candidates, 3166 (47.4%) underwent health checkups. Of these, 136 subjects were excluded because of postprandial blood sampling (n¼97), erythrocyturia (n¼25) and macroalbuminuria (n¼14). Furthermore, 897 subjects being treated with either anti-hypertensive or anti-diabetic medications were excluded. Finally, 2133 untreated subjects were included in the final analysis.
Data are presented as mean ± s.d. or median (minimum, maximum) according to the data distribution. Student's t-test or the Mann-Whitney U-test was used for comparisons between groups. The w 2 -test was used for comparing categorical variables.
For the primary analyses, we used logistic regression to calculate the odds ratio for microalbuminuria compared with normoalbuminuria while simultaneously adjusting for age, sex and multiple covariates. For secondary analyses, we used logistic regression to assess the odds of a subject being within the highnormal albuminuria range from 15 to 30 mg g À1 Cr compared with subjects with normoalbuminuria (o15 mg g À1 Cr).
In this study, the odds ratios for microalbuminuria in normal blood pressure (120-129/80-84 mm Hg), high-normal blood pressure (130-139/85-89 mm Hg), grade I hypertension (140-159/90-99 mm Hg), or grade II or III hypertension (X160/100 mm Hg) were calculated in reference to the optimal blood pressure (o120/80 mm Hg). 18 Because very few subjects had grade III hypertension, they were combined with subjects with grade II hypertension. Likewise, the odds ratios of microalbuminuria in the high-normal blood glucose group (100-109 mg dl À1 ), the impaired fasting glucose group (110-125 mg dl À1 ) and the diabetes group (X126 mg dl À1 ) were calculated in reference to a fasting blood glucose level of o100 mg dl À1 . JMP (version 5.0 for Windows; SAS Institute, Cary, NC, USA) was used for statistical analysis. Statistical significance was determined at Po0.05.
RESULTS
Of 2133 subjects under no anti-hypertensive or anti-diabetic medication, 118 (5.5%) had microalbuminuria. Table 1 shows the clinical background of the normoalbuminuria and microalbuminuria groups. Compared with the normoalbuminuria group, the microalbuminuria group included older participants, more men and exhibited higher prevalence of metabolic syndrome. The blood pressure, triglyceride and blood glucose levels in the microalbuminuria group were higher, whereas their high-density lipoprotein level was lower. Serum uric acid concentration was higher in the microalbuminuria group, but there was no difference in terms of renal function between the groups.
Of the 2015 normoalbuminuric subjects, 162 (8.0%) showed highnormal albuminuria with 15-30 mg g À1 Cr. Table 2 compares the clinical characteristics of subjects having high-normal albuminuria and those of subjects having normoalbuminuria with o15 mg g À1 Cr.
Compared with the normoalbuminuria group, the high-normal albuminuria group included older patients and suffered from 
Risk of microalbuminuria M Munakata et al
metabolic syndrome more commonly. In addition, their blood pressure, triglyceride levels and blood glucose concentration were higher. Figure 1 shows the prevalence of microalbuminuria and highnormal albuminuria in each blood pressure and blood glucose category. The prevalence of high-normal albuminuria was higher than microalbuminuria at all reference categories (4.2% vs. 2.5% for systolic blood pressure, 6.6% vs. 3.7% for diastolic blood pressure and 7.1% vs. 4.5% for fasting blood sugar). The prevalence of both microalbuminuria and high-normal albuminuria increased with increase in each of systolic blood pressure, diastolic blood pressure and fasting blood glucose. The prevalence of high-normal albuminuria was higher than that of microalbuminuria in all blood pressure and blood glucose categories, except the high-normal diastolic blood pressure and impaired fasting glucose categories. Table 3 shows the odds ratio of having microalbuminuria according to each level of systolic blood pressure, diastolic blood pressure and fasting glucose compared with their respective references. The left column shows the data adjusted for age and sex; the right column shows the data adjusted for all covariates. These results show that the odds ratio of having microalbuminuria in subjects with high-normal systolic blood pressure is significantly greater than in subjects with optimal systolic blood pressure. The odds ratio adjusted for all covariates increased with an increase in the systolic blood pressure. Regarding diastolic blood pressure, the odds ratio of having microalbuminuria started increasing at the high-normal level but did not exhibit a linear relationship as observed in the case with systolic blood pressure. The odds ratio tended to increase at the high-normal glucose levels compared with normal levels, although the change was not statistically significant. However, the odds ratio markedly increased from the impaired fasting glucose level, increasing further at the level of diabetes. Table 4 shows the odds ratio of having high-normal albuminuria for each level of systolic and diastolic blood pressure, and blood glucose compared with each reference category. High-normal systolic blood pressure was significantly associated with increased odds of high-normal albuminuria. The odds ratio significantly and linearly increased with increasing systolic blood pressure. Regarding diastolic blood pressure, the odds ratio remained unchanged until the high-normal category but significantly elevated from grade I hypertension category onward. The multivariate odds ratio for having high-normal albuminuria did not increase significantly until the level of impaired fasting glucose and increased significantly at the level of diabetes.
DISCUSSION
This is the first study that examines the thresholds of blood pressure and blood glucose at which the odds ratio of having microalbuminuria begins to increase in the general Asian population. We found that the odds ratio for microalbuminuria increases significantly from the stage of high-normal blood pressure and impaired fasting glucose level compared with their reference categories. These data provide very important suggestions about the stage at which intervention should be initiated.
Regarding the relationship between high-normal blood pressure and microalbuminuria, the results from previous studies are not entirely consistent; some report a significant relationship, 10, 12 whereas no significant relationships were reported in populations from the Seychelles 11 or Nord-Trndelag. 13 Although the reason behind this discrepancy is unclear, older people may be easily affected by increases in blood pressure. 10, 12 In fact, the mean age of our population, 60 years, is much higher than the mean ages of the Seychelles (range, 25-64 years) and Nord-Trndelag (mean age, 49 years) populations. Ethnicities such as negroids or Asians are reported to have a higher risk of albuminuria than Caucasians. 10 However, the prevalence of microalbuminuria in this study was 5.5%, which is somewhat lower than the 6-10% prevalence reported in the general Caucasian population. 8, 10, 19 Therefore, the risk of microalbuminuria is not necessarily high in the population surveyed in this study. These results suggest that glomerular damage starts at high-normal blood pressure, regardless of other risks. Our data support the notions that the risk of systemic endothelial damage is minimal at optimal blood pressure and that the risk of subsequently developing cardiovascular or renal disease increases in parallel with elevations in blood pressure. [20] [21] [22] 
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The relationship between diastolic blood pressure level and the odds ratio of having microalbuminuria was not so clearly linear as observed on systolic blood pressure. This suggests that the effects of systolic and diastolic blood pressure have different effects on glomerular damage. Our data show that systolic blood pressure has a higher predictive accuracy for the risk of glomerular endothelial damage than diastolic blood pressure. This finding is consistent with a previous report showing that systolic blood pressure predominantly affects cardiovascular events rather than diastolic blood pressure in elderly people. 23 In fact, 67% of our subjects were 60 years or older. Therefore, we may need to perform another study to determine whether the results of the present study are applicable to younger people.
With respect to the relationship between fasting blood glucose levels and the odds ratio for microalbuminuria, the multivariate-adjusted odds ratio increased significantly from the impaired fasting glucose level compared with normal glucose level. Our data are consistent with previous reports in the general population 24 or hypertensive patients. 25 Thus, interventions for patients with high-normal blood pressure and impaired fasting glucose could reduce cardiovascular and renal risks in the general population.
High-normal albuminuria, which is defined as a urinary albumin concentration of 15-30 mg g À1 Cr, was present in 162 of 2015 normoalbuminuric subjects (8%).
The prevalence of high-normal albuminuria was higher than that of microalbuminuria at almost all blood pressure and fasting blood glucose categories, except the high-normal diastolic blood pressure and impaired fasting glucose categories. The multivariate-adjusted odds ratio for the presence of high-normal albuminuria increased above high-normal systolic blood pressure. Regarding diastolic blood pressure, the odds ratio increased significantly above the grade I hypertension category. Thus, high-normal albuminuria is more sensitive to changes in systolic blood pressure than changes in diastolic blood pressure. In contrast to microalbuminuria, impaired fasting glucose was not associated with significantly increased odds for high-normal albuminuria. This indicates that microalbuminuria is more sensitive to changes in the fasting blood glucose levels than high-normal albuminuria. Our data suggest that lowering the cutoff value of urinary albumin excretion does not necessarily enhance the detection of glomerular endothelial damage due to hyperglycemia.
This study had few limitations. First, the surveyed individuals were recipients of medical care benefits from the town and therefore were farmers, fishermen, self-employed or retirees; in other words, salaried employees were not included. Therefore, there is a bias in terms of the occupations of the participants. Second, the participant rate for health checkups was 47%. Thus, the present data may not accurately reflect the characteristics of the general population. In fact, the frequency of microalbuminuria in this study (5.5%) was much lower than that of the other Japanese general populations such as those of Iwate Kenpoku (19%) 26 and Takahata (14%). 27 People who participate in regular health checkups are normally healthier and have better prognosis than people who do not. 28 Third, microalbuminuria was determined only once by using random spot urine samples. Because of variations in the excretion rate of urinary albumin, multiple measurements should preferably be performed for the diagnosis of microalbuminuria. However, conducting multiple measurements during health checkups is unrealistic. In the PREVEND study, measuring the albumin/creatinine ratio from the first morning, void urine samples proved to be a good alternative to measuring 24-h urinary albumin excretion in order to predict cardiovascular morbidity and all-cause mortality. 29 Finally, because this is a cross-sectional study, the cause-effect relationship between albuminuria and blood pressure or blood glucose could not be clarified. To clarify this issue, a further longitudinal observation study is required.
In conclusion, we examined the thresholds of blood pressure and blood glucose at which the odds ratio of having microalbuminuria begins to increase. The results show that the odds ratio for microalbuminuria increases significantly above high-normal blood pressure levels in reference to the optimal blood pressure. In addition, the odds ratio for microalbuminuria starts increasing with impaired fasting glucose.
